Dahl salt-sensitive SS and consomic, salt-resistant SS-13 BN /Mcw rats possess a highly similar genetic background, but exhibit substantial differences in blood pressure salt-sensitivity. We used cDNA microarrays to examine sequential changes of mRNA expression of ~2,000 currently known rat genes in the renal medulla (a tissue critical for long-term blood pressure regulation) in SS and SS-13 chromosomes. This suggested that primary genetic defects, although important, are unlikely to be solely responsible for the full manifestation of this type of hypertension and associated injury phenotypes. In summary, the results of this study identified a number of pathways potentially important for the amelioration of hypertension and renal 2 injury in SS-13 BN /Mcw rats, and generated a series of testable hypotheses related to the role of the renal medulla in the complex mechanism of salt-sensitive hypertension.
Introduction
Microarray data analysis. Raw values of fluorescent intensity in each spot were obtained from microarray images using ImaGene 4.01 software (BioDiscovery, Los Angeles, CA). These raw data were categorized, selected, and adjusted to yield natural log-transformed, normalized ratios following the systematic method that we described previously (13) . This data analysis method quantitatively identifies and systematically excludes spots with low intensities or high local background to avoid generations of disproportionate and misleading ratios. Approximately 1,000 genes passed the stringent data selection process in at least 5 of the 6 microarrays in each between-group comparison. Differentially expressed genes were identified based on a threshold that was determined experimentally using the "reference distribution" as detailed in Results.
A difference calculation was used to identify genes with the most distinct temporal patterns of expression between SS and SS-13 BN /Mcw rats over the time course studied. This calculation measured the sum of the squared differences between the expression levels of each gene in the two rat strains at four time points (low-salt, high-salt 16 hr, 3 d, and 2 wk), which is essentially a variant of the Euclidean distance calculation.
Specifically, the expression level of a gene in SS rats on the low-salt diet (SSLS) was arbitrarily set at 0. The Ln(ratio) for this gene between each high-salt time point (16 hr supported by the fact that the majority of the genes identified were differentially expressed at least at one particular time point.
Northern Blot. mRNA expressions of 11 genes were further examined by Northern blotting as we described previously (13, 26).
Retrieval of gene mapping information. Rat chromosomal locations of genes of interest
were retrieved from the Rat Genome Database (RGD) maintained at our institution (http://rgd.mcw.edu) and the RGD Virtual Comparative Mapping Tool. This tool enables prediction of gene locations on the rat genome based on human or mouse genomes for those genes that were not directly mapped to the rat genome by genetic linkage or radiation hybrid methods.
Verification of clone identity. Some of the genes identified as differentially expressed in the present study had been sequence-verified in our previous study (13). For the rest of the differentially expressed genes, PCR products were generated from corresponding clones and sequenced using the BDT chemistry (Applied Biosystems, Foster City, CA).
Fifty four partial sequences were successfully obtained and, based on BLAST searches, three (5.6%) did not match the identification provided by Research Genetics. These three clones were removed from the list of differentially expressed genes.
Results

1.
Identification of differentially expressed genes based on a threshold determined experimentally using a "reference distribution".
A "reference distribution" approach was used in the present study to determine experimentally the threshold of differential expression. To estimate the magnitude of random variation, individual samples from the same group were compared against each other using microarray hybridization as shown in Figure 1 . When the Ln(ratio)s obtained from the six microarrays for within-group comparisons (calculated by alternating Cy3/Cy5 and Cy5/Cy3) were averaged for each gene, the averaged Ln(ratio)s followed a normal distribution with a standard deviation of 0.100. When the three microarrays from SS rats and the three from SS-13 BN /Mcw rats were analyzed separately, both followed a normal distribution with respective standard deviations of 0.136 and 0.129. To be conservative, the distribution from the SS rats was utilized as the "reference distribution".
Application of this same analysis to the results from microarrays for the between-group comparisons ( Figure 1) Table. When the data from our previous study (13) were re-examined, it was found that the threshold value used previously (two times the standard deviation)
was rather close to 0.447, supporting the validity of the standard deviation approach in the specific context of our previous study.
Ln(ratio)s of the expression of 11 genes obtained from both microarrays and
Northern blots are shown in Table 1 . Ln(ratio)s from microarrays significantly correlated with those from Northern blots with a correlation coefficient of 0.376 (P=0.01).
Moreover, 9 of the 11 genes, with dipeptidyl peptidase and rPOP as the exceptions, were consistently shown to be expressed either higher or lower in SS-13 BN /Mcw compared to SS by both microarrays and Northern blots. In this and our previous (13, 27) studies, a total of 62 genes have been examined by both microarrays and Northern blots, and significant correlation between microarray and Northern blot results has been consistently observed. This represents one of the largest validation datasets in the microarray literature, and supports the overall reliability of the microarray technique we used.
Genes exhibiting the most distinct temporal patterns of expression between SS
and SS-13 BN /Mcw rats.
Data obtained from the present study were combined with those from the previous study (13) for identifying genes exhibiting the most distinct temporal patterns of expression between SS and SS-13 BN /Mcw over the time course studied. A total of 54 microarrays were analyzed using the difference calculation described in Methods and
Materials. These analyses resulted in the identification of 50 genes that were considered to have the most distinct temporal patterns of renal medullary mRNA expression in SS compared to SS-13 BN /Mcw rats over the entire time course studied. Many of these genes were considered differentially expressed at one or more particular time points according to the threshold of differential expression determined in this or the previous (13) studies.
Extensive searches and evaluations of literature and publicly available databases were performed to retrieve information regarding the biological functions of proteins encoded by these 50 genes. Fifteen of these 50 genes, shown in Figure 3 , were found to be involved in the action or metabolism of substances that regulate renal tubular reabsorption and/or vascular tone. Examples of these substances included corticosterone, aldosterone, glucagon, natriuretic peptides, and arachidonic acid metabolites.
Another 15 genes with distinct temporal patterns of expression could be linked to the regulation of renal injury and perhaps arterial blood pressure. As shown in Figure 4 , these genes were involved in apoptosis, extracellular matrix formation and fibrosis, oxidative stress and toxicity, and cellular growth and proliferation. The fact that only a few of the 50 genes with distinct temporal patterns of expression were mapped to rat chromosome 13 is reminiscent of the results of our previous study (13). This could be caused by several mechanisms. Genomic differences on chromosome 13 and the products they encode could be regulatory factors that can directly influence the expression of genes on many chromosomes. These genome-wide gene interactions could also be indirect through downstream signaling pathways or as a result of feedback regulation by functional alterations. In addition, the possibility of residual BN alleles on chromosomes other than chromosome 13 in SS-13 BN /Mcw rats can not be excluded. It remains to be determined whether the differentially expressed genes that did map to chromosome 13 in the present study indeed contain fundamental genetic differences associated with blood pressure salt-sensitivity. Approaches such as generating congenic lines and sublines, gene targeting or transfer, and mutation identification will be useful in this regard (19). In the meantime, multiple pathways identified in the present study, whether located on chromosome 13 or not, should improve our understanding of the complex network of pathways underlying the pathophysiology of Dahl salt-sensitive hypertension. The importance of these genes is supported not only by the theoretical presence of such a network of pathways, but also by the fact that the expression patterns of the majority of these genes were consistent with the blood pressure and injury phenotypes in these two strains of rats. This is interesting, particularly because it is not unusual for microarray studies to generate expression profiles that are difficult to reconcile with known phenotypes.
A novel "reference distribution" method was used to determine the threshold of differential expression in the present study. With this method, an apparent difference between two groups must exceed the random variation between individual samples in each group in order to be considered a true difference. This, indeed, is a common principle behind most statistical tests in biological and other fields of investigation. The ratio distributions for between-group comparisons had consistently larger standard deviations than the reference distribution, indicating that the magnitude of between-group differences in mRNA expression exceeded that of random variations. With the 99.9%
interval used in the present study, not more than 1 gene would be expected to be 
